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Background: Previous studies have demonstrated a positive correlation between 
foot length (FL) and birth body weight (BBW), birth body length (BBL), and head 
circumference (HC). However, there is no data on birth FL in Taiwan. The aim of 
this study was to evaluate FL measurement in Taiwanese neonates as a method of 
estimating other anthropometric indices.
Methods: In this retrospective study, we enrolled 256 babies born at our hospital and 
Kaohsiung Veterans General Hospital from 2003−2005. Medical records were reviewed 
for sex, BBW, BBL, HC, gestational age, and birth FL. Ill newborns, small-for-gesta-
tional-age babies, or those with poor birth footprints were excluded. FL at birth was 
measured from the center of the back of the heel to the tip of the big toe. Linear 
regression analysis was used to investigate the relation of FL to BBW and BBL. The 
intraclass correlation coefficient was used to assess inter-rater reliability.
Results: A total of 256 babies were reviewed. There were 136 male and 120 female 
neonates. The gestational age was 38.5 ± 1.3 (mean ± standard deviation) weeks, 
ranging from 35−42 weeks. The BBW was 3137 ± 396 g. The BBL was 51.1 ± 2.1 cm. 
The HC was 33.5 ± 1.7 cm. The FL was 7.4 ± 0.46 cm. The regression equation for 
BBW (y) on FL (x) was as follows: y = 486.2 + 360.4x (p < 0.001, r = 0.421). The regres-
sion equation for BBL (y) on FL (x) was as follows: y = 40.1 + 1.45x (p < 0.001, 
r =  0.305). The regression equation for HC (y) on FL (x) was as follows: y = 14.8 + 2.53x 
(p < 0.001, r = 0.423). FL showed excellent reliability, with an intraclass correlation 
coefficient of 0.965 (p < 0.001).
Conclusion: Our study demonstrated a significant degree of correlation between 
FL and BBW, BBL and HC. However, it did not reliably estimate BBW, BBL, or HC—the 
three anthropometric indices were weakly correlated (r < 0.5) with FL.
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1. Introduction
Accurate assessment of growth in the neonatal pe-
riod is very important. Weight, height, and head 
circumference are the commonly used measures of 
growth in neonates. Weight measurements are sig-
nificantly affected by changes in water, carbohy-
drate, fat, protein, and mineral levels.1 The 
accurate measurement of height in an uncoopera-
tive or critically ill neonate is difficult. Although 
head circumference reflects brain growth,2 the ef-
fect of head sparing during malnutrition may result 
in an underestimation of growth.3 The newborn 
foot is usually readily accessible for measurement, 
even in incubators. Previous studies have demon-
strated close positive correlation between foot 
length (FL) and height.4−6 However, there is no 
data on birth FL in Taiwan. The aim of this study 
was to evaluate FL in Taiwanese neonates 
as a method of estimating other anthropometric 
indices.
2. Patients and Methods
In this retrospective study, we collected and 
analyzed the physical data of 256 babies at 
Zuoying Armed Forces General Hospital and 
Kaohsiung Veterans General Hospital from 2003−
2005. Medical records were reviewed for sex, birth 
body weight (BBW), birth body length (BBL), head 
circumference (HC), gestational age, and birth FL. 
Ill newborns, small-for-gestational-age babies, 
or those with poor birth FL, were excluded. The 
babies’ birth footprints were routinely stamped 
on their medical records by staff at the nurser-
ies of these two hospitals. FL at birth was mea-
sured from the center of the back of the heel 
to the tip of the big toe (Figure 1). For reliable 
measurement of birth FL, an inter-rater reliabil-
ity evaluation was completed. The FL of each baby 
was made by eight different nurses. A total of 20 
babies were included in the interrater reliability 
test.
2.1. Statistical analysis
The statistical software SPSS version 10 (SPSS Inc., 
Chicago, IL, USA) was used to analyze all data. 
Between-group differences were analyzed by the 
chi-squared test or Fisher’s exact test (for cate-
gorical measures), and by Student’s t test for con-
tinuous measures. Linear regression was used to 
investigate the relationship between FL and BBW/
BBL. The intraclass correlation coefficient was 
used to assess the inter-rater reliability. Statistical 
significant was defined as p < 0.05.
3. Results
A total of 256 babies were reviewed. Demographic 
data are displayed in Table 1. There were 136 male 
neonates and 120 females. The gestational age 
was 38.5 ± 1.3 (mean ± standard deviation) weeks, 
ranging from 35−42 weeks. The BBW was 3137 ± 
396 g; BBL was 51.1 ± 2.1 cm; HC was 33.5 ± 1.7 cm; 
and FL was 7.4 ± 0.46 cm.
There was a significant correlation between FL 
and gestational age (p = 0.033, r = 0.133), BBW 
(p < 0.001, r = 0.421), BBL (p < 0.001, r = 0.305), and 
HC (p < 0.001, r = 0.423).
The regression equation for BBW (y) on FL (x) 
was: y = 486.2 + 360.4x (Figure 2). The regression 
equation for BBL (y) on FL (x) was: y = 40.1 + 1.45x 
(Figure 3). The regression equation for HC (y) on 
FL (x) was: y = 14.8 + 2.53x (Figure 4).
The measurement of FL showed excellent reli-
ability, with intraclass correlation coefficient of 
0.965 (p < 0.001).
A
B
Figure 1 Birth footprint showing the points A (tip of 
the big toe) and B (center of back of the heel), the dis-
tance between which was measured as foot length.
Table 1 Demographic data of study babies*
Number 256
Sex (male/female) 136/120
Gestational age (wk) 38.5 ± 1.3
Birth body weight (g) 3137 ± 396
Birth body length (cm) 51.1 ± 2.1
FL (cm) 7.4 ± 0.46
*Data are presented as mean ± standard deviation. FL = foot 
length.
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4. Discussion
Our study demonstrated a significant degree of 
correlation between FL and BBW, BBL, and HC. 
However, FL is not a reliable estimator of BBW, 
BBL, or HC; the three anthropometric indices were 
weakly correlated (r < 0.5) with FL. To the authors’ 
knowledge, this is the first study exploring the re-
lationship between neonate FL and other anthro-
pometric indices in Taiwan.
The relationship between FL and other anthro-
pometric measurements have been reported in 
previous studies.4−6 Rutishauser reported a highly 
significant degree of association between height 
and FL in young children.4 The measurement of 
height from FL in the children is of value both in 
field surveys and in case of deformity. James et al 
demonstrated a positive linear correlation be-
tween FL and other indices of babies of gestational 
age 26−42 weeks.5 They concluded that birth-
weight and crown-heel length can be estimated 
from a measurement of FL that is performed sim-
ply and rapidly. Gohil et al carried out a similar 
study with a larger sample.6 They found FL corre-
lated well with birth weight, crown heel length, 
and head circumference. They suggested when it 
is difficult to weigh or measure the body length 
accurately, FL can serve as a useful measurement 
to assess a baby quickly. Our result was not com-
patible with previous findings.5,6 The inconsistent 
results between previous studies and ours may be 
caused by different methods of FL measurement.
In previous studies,5,6 FL had been suggested to 
be useful in ill neonates nursed in incubators and 
receiving intensive care. Such babies usually re-
quire a variety of interventions, including intrave-
nous fluids, antibiotics, and inotropic agents. The 
dosage of these are calculated according to body 
weight. In neonates who are inaccessible for mea-
surements of body weight and length, the mea-
surement of FL might provide an alternative method 
of calculating fluid requirements and drug dos-
ages. This makes the measurement of FL in ill ba-
bies an important issue. However, the relationship 
between FL and weight in ill neonates has not been 
investigated (in previous studies or this study), so 
no conclusion can be reliably drawn.
FL has been proved to be useful in other clinical 
conditions.7−11 Anderson et al reported that the 
relationship between FL and stature showed little 
change with increasing age from 1−18 years.7 The 
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Figure 2 Correlation between foot length (FL) and birth 
body weight (BBW).
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Figure 3 Correlation between foot length (FL) and birth 
body length (BBL).
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foot was found to grow in synchrony with the body 
as a whole rather than with the lower extremity. 
The length from heel to toe maintained the same 
relationship with the length from heel to head at 
all ages (during which the foot was increasing in 
size). Mercer et al showed that ultrasonographic 
measurement of fetal FL was useful in the assess-
ment of gestational age.8 They concluded that fetal 
FL is a reliable parameter for use in the assess-
ment of gestational age and is particularly useful 
when other parameters do not accurately predict 
gestational age—for example, hydrocephalus, anen-
cephaly, and short-limb dysplasia. Markowski and 
Lawler also showed that FL was positively related 
to gestational age.9 Pospisilova-Zuzakora reported 
that fetal FL was related positively to fetal body 
length.10 A study by Embleton et al showed that FL 
was the best predictor of naris-midtracheal 
length.11 They concluded that FL is a reliable and re-
producible predictor of nasotracheal tube length and 
is at least as accurate as the conventional weight-
based estimation. This method may be particularly 
valuable in ill and unstable infants.
The mechanisms which explain the role of FL in 
various clinical conditions has yet to be elucidated. 
As FL is a linear body measurement from the fetal 
period to adolescence, it may correlate closely with 
gestational age, body weight, body length, head 
circumference, or tracheal length.
Several limitations in this study need to be 
specified. This study was a retrospective investiga-
tion with only a small number of patients; this may 
introduce bias into our results. The variable de-
gree of measurement clarity may affect the meas-
urement of FL. Although inter-rater reliability was 
high in this study, different staff members at the 
nurseries may have measured footprints in differ-
ent ways, causing bias in measurement of FL. We 
did not use a specially designed foot gauge as used 
by James et al.5 We also did not include a small-
for-gestational-age group. FL was not measured 
serially from the fetal stage. A prospective cohort 
study with a large sample size is required to con-
firm the accuracy of the relationship between FL 
and other anthropometric indices in Taiwan.
In conclusion, our study demonstrated a signifi-
cant correlation between FL and BBW, BBL, and 
HC. However, it FL is not a reliable estimator of 
BBW, BBL, or HC.
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